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Specification 

1. Name of this Invention 

Antimicrobial Material 

2. Claim(s) 

[1] Antimicrobial material comprising a polymeric material 
containing sulfonic groups and antimicrobial metal ions bonded to the 
sulfonic groups. 

3. Detailed Explanation of this Invention 
[Industrial Field] 

This invention pertains to an antimicrobial material prepared by 
bonding antimicrobial metal ions to a polymeric material. 
[Conventional Technology] 

Metallic ions, such as silver ion, copper ion, zinc ion, etc. 
are well known for their antimicrobial activities and widely utilized 
in various fields as a sterilizer or disinfectant in the form of salt 
such as silver nitric acid. However, although these antimicrobial 
agents provide strong antimicrobial effectiveness, as the solution 
form of these agents is difficult to handle, the range of 
applications must be limited. 
[Problems to Be Solved by this Invention] 

This invention provides the reaction of these antimicrobial ions 
and polymeric substances having function groups so as to cause 
bonding of antimicrobial ions and said function groups. As a result, 
these ions can be independently formulated to various products (e.g., 
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solution, emulsion, suspension, paste, powder, particles, sheet, film, 
etc.), or they can be formulated in the form of carried states using 
carriers, such as woven cloth, plastic film, etc. Hence, this 
invention not only widens the possible applications of antimicrobial 
ions, but also provides time-releasable antimicrobial materials 
having excellent long-term effectiveness. 

[Object of this Invention] 

That is, this invention provides an antimicrobial material 
mainly comprising a polymeric material containing sulfonic groups and 
antimicrobial metal ions bonded to the sulfonic groups. 

[Method to Solve the Problems] 

To create said antimicrobial materials, a polymeric material is 
produced by polymerizing or copolymerizing at least one kind of 
monomer containing sulfonic groups, or by copolymerizing at least one 
kind of other monomer that can be copolymerized with these monomers. 
Then, the obtained polymeric material is brought into contact with 
these antimicrobial metallic ions followed by washing off the 
excessive antimicrobial metallic ions, thus obtaining the object 
material . 

Examples of monomer containing sulfonic groups are styrene 
sulfonic acid, aryl sulfonic acid, sulfopropyl acrylate, sulfopropyl 
methacrylate, 3-chloro-4-vinylbenzene sulfonic acid, 2-acryl amide-2- 
methyl propane sulfonic acid, 2 -acryloiloxy benzene sulfonic acid, 2- 
acryloiloxy naphthalene-2- sulfonic acid, 2 -methacryloyloxy 
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naphthalene -2 -sulfonic acid, 2 -hydroxy- 3 -sulf opropyl methacrylate, 
and their potassium, sodium, ammonium salt, or the like. 

The monomer copolymerizable with said monomer having sulfonic 
groups may be selected from a wide range according to the application 
of the producing antimicrobial material. Practical examples are 
ethylene, propylene, vinyl chloride, vinylidene chloride, vinyl 
acetic acid, acrylic acid ester, methacrylic acid ester, styrene and 
its derivative, butadiene, acryl amide and its derivative, aryl 
compound such as aryl propyl ether, vinyl ether, acrylonitrile, 
methacrylonitrile, etc . 

When polymerizing these monomers, regular polymerization 
methods, such as emulsion polymerization, solution polymerization, 
block polymerization, etc., may be performed. However, the emulsion 
polymerization is particularly preferred, since a large amount of 
sulfonic groups are distributed on the particle surface to allow an 
effective reaction with metallic ions. 

Examples of antimicrobial metallic ions used in this invention 
are silver ions, copper ions, zinc ions, etc., among which silver 
ions having excellent antimicrobial strength are particularly 
preferred. 

The antimicrobial material based on this invention can be also 
produced by the following method (second method) : A monomer is 
created by bringing said monomer containing sulfonic groups into 
contact with antimicrobial metallic ions to provide ion-bonds between 
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the sulfonic groups and metallic ions, and the prepared monomer is 
polymerized or copolymerized in the same manner as described in the 
first method. 

Moreover, as the third method of this invention, an oligomer 
having 5 - 10 of polymerization degree is formed from a monomer 
containing sulfonic groups, to which antimicrobial metallic ions are 
introduced and cross-linked with various kinds of cross-linking 
agents (e.g., polyisocyanate compound, methylol -processed melamine 
compound, peroxide, adilidine compound, etc.) 

Furthermore, as another production method, after a coagulated 
porous product, film fiber, or other type of mold product is created 
from a polymer or copolymer obtained by polymerizing or 
copolymerizing a monomer containing sulfonic groups using the same 
method as described above, this created product is brought into 
contact with antimicrobial metallic ions. 

In addition, instead of using a monomer having sulfonic groups, 
a polymer not having sulfonic groups, such as styrene type polymer, 
may be prepared, to which a material, such as highly concentrated 
sulfuric acid, chlorosulf onic acid, etc., is reacted so as to 
introduce sulfonic groups. Then, the polymer can be brought into 
contact with antimicrobial metallic ions. 

The antimicrobial material of this invention may be produced by 
any method described above. Also, various additives may be added 
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according to the purpose of object product at any mold production 
phase (e.g., film molding) . 

For sufficiently manifesting the effectiveness of this invention, 
the sulfonic groups and antimicrobial metallic ion content in the 
antimicrobial material should be: Sulfonic group content = 0.008 - 
2.4 milli-equivalent/g polymer, preferably 0.08 - 0.8 milli- 
equivalent/g polymer; antimicrobial ion content = 0.009 - 0.9 milli- 
mol/g polymer, preferably 0.0045 - 0.45 milli-mol/g polymer. 

Hereafter, the results of tests conducted on the antimicrobial 
film obtained in the operational example 1 (described later) will be 
explained for describing the effectiveness of the antimicrobial 
material based on this invention. 
I. Evaluation of antimicrobial characteristic: 

Antimicrobial strength test using a disc method 
Tested bacteria: 

Bacillus subtilis, Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, Candida albicans, Aspergillus niger, 
Chaetomium glabosum, Cladosporium resinae, Penicillium citrinum, 
Trichoderma sp. 

To test the bacilli in the bacteria listed above, after 10 s - 10 6 
bacilli were sprinkled over a meat extract agar culture, the culture 
was made into a flat plate, over which a test film was placed and 
cultured for one day and night at 37 °C. Then, the existence of 
inhibition band was examined. 
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On the other hand, to test the true fungi, after approx. 10 5 
pores were scattered on a potato- sugar agar culture, the culture was 
made into a flat plate, on which a test film was placed and cultured 
for 1 week at 30 °C. Then, the formation of inhibition band was 
examined. 

The test results are shown in Table 1: 



Table 1 



Tested bacteria 


Antimicrobial strength 


Bacillus subtilis 


o 


Staphylococcus aureus 


o 


Escherichia coli 


o 


Pseudomonas aeruginosa 


o 


Candida albicans 


o 


Aspergillus niger 


o 


Chaetomium glabosum 


o 


Cladosporium resinae 


o 


Penicillium citrinum 


o 


Trichoderma sp. 


o 



o: Formation of inhibition area was observed. 



II. Extinction ratio of bacteria on the film 

0.1 ml of Aspergillus flavus pore (10 4 -10 5 pieces) suspension 
liquid (0.005% dodecyl benzene sulfonic acid soda) was put on each 
test film and preserved at 30 °C. After certain duration, the 
bacteria were sampled, diluted, and scattered on a Sabouraud culture, 
and the culture was formed into a flat plate. After this plate was 
cultured at 30 °C for 24 hours, the number of live pieces was measured 
to obtain the extinction ratio. The extinction ratio was 99% after 
24 hours. 
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III. Antimicrobial strength retention 

Using Cladosporium resinae as bacteria samples, a 5 cm x 5 cm 
test film was repeatedly washed with 5 liters of water for each 
washing until the antimicrobial effect was not present. The 
effectiveness retention characteristic was evaluated based on the 
number of washing processes. The results are shown in Table 2. 

For comparison, an antimicrobial film was prepared by simply 
blending the antimicrobial metallic ions without providing sulfonic 
group bonding and tested by the same method. The results are also 
shown in Table 2 . 



Table 2 
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Comparison example 
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o: Inhibition area was formed by a disc method. 



X: Inhibition area was not formed by a disc method. 

As clearly shown by the result exhibited above, the 
antimicrobial material of this invention provides excellent 
antimicrobial characteristics to both the bacilli and true fungus. 
Also, it showed significant effectiveness in perishing bacteria on 
the film. Moreover, this material has an excellent retention 
capacity of antimicrobial strength. 

As shown by the characteristics of this invention described 
above, the antimicrobial material based on this invention having 
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explained effectiveness can be independently used in the form of 
liquid, emulsion, suspension, powder, particles, sheet/film, mold, 
porous coagulated product (including porous films), fiber, etc., or 
it can be used in the state carried by a carrier, such as unwoven 
cloth, foamed sheet, paper, plastic film, inorganic plate, etc. 
Therefore, the antimicrobial material of this invention can be widely 
used in various applications that can take advantage of this 
material. Application examples are various coating compositions 
(e.g., paint for ships and buildings), filtration material, ion 
exchange material, dialysis film, slime prevention additive for pulp 
slurry, packaging material, air filter, wall paper, bed covers used 
in hospitals, sheets, lining sheet for cloths, chest, closet, 
cupboard, etc. 

The following will describe the operational example of this 
invention. Note that "parts" and in the examples respectively 

designate weight parts and weight %. 
Operational example 1 : 

100 parts of monomer mixture comprising 4 5% of methacrylic acid 
methyl, 50% of acrylic acid ethyl, and 5% of* sulfopropyl methacrylate 
were dispersed in 150 parts of aqueous solution containing 0.5% of 
persulfuric acid ammonium and 5% of emulsifier (Noigen EA160, Daiichi 
Kogyo Seiyaku) . This mixture was stirred at 70 °C in a nitrogen 
atmosphere to initiate polymerization. The polymerization was 
completed by maintaining the mixture at approx. 75°C for 5 hours. 



9 



Next, after a small amount of coagulated substance included in the 
emulsion was filtered, an emulsion having almost uniform particle 
diameters was obtained. 

This emulsion had 40% of non-evaporative solid substance, and 
the average particle ratio was 0.10 p. This emulsion was spread out 
on a glass plate and immediately soaked in a medium (water : methyl 
ethyl ketone =7:3) prepared by dissolving 5% hydrochloric acid for 
approx. 5 minutes to form a porous coagulated product containing some 
adhered particles. This coagulated product was soaked in purified 
water for providing water substitution until the absorbed medium 
became balanced. Then, this coagulated product was peeled off from 
the glass plate, washed with water, and dried. 

The obtained porous coagulated product was soaked in a 5% AgN0 3 
aqueous solution for 2 0 minutes, sufficiently washed with water, and 
dried. As a result, an antimicrobial porous film having its Ag + ions 
fixed to the sulfonic groups was obtained. 

The test result of antimicrobial strength of this film was 
already explained in the previous section. Also, in order to 
evaluate the effectiveness retention capacity, the obtained film was 
soaked in boiling water, and the time needed for losing its 
antimicrobial effect was tested using a disc method. The result was 
longer than 6 months. The bacteria used for this test were 
Escherichia coli. This porous film can be used as is or reinforced 
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by an unwoven cloth or the like to form a filter material for water 
containing bacteria, air filter, etc. 
Operational example 2 : 

A monomer mixture comprising 50% of styrene, 40% of acrylic acid 
ethyl, and 10% of 2-acryl amide-2-methylpropane sulfonic acid soda 
was emulsion-polymerized using the same method as described in the 
operational example 1 to prepare an emulsion (average particle 
diameter = 0.09 p; non- evaporative solid substance = 45%). 

This emulsion was spread out on a polyester film and dried at 
12 0°C for 3 min. As a result, a uniform film was produced. The 
obtained film was soaked in a 5% AgN0 3 aqueous solution for 3 0 minutes, 
sufficiently washed with water, and dried. As a result, an 
antimicrobial film having its Ag + ions fixed to the sulfonic groups 
was obtained. 
Operational example 3 : 

A monomer mixture comprising 55% of methacrylic acid methyl, 37% 
of acrylic acid butyl, 5% of styrene sulfonic acid, and 3% of styrene 
sulfonic acid-silver salt monomer was emulsion-polymerized using the 
same method as described in the operational example 1 to prepare an 
emulsion (average particle diameter = 0.11 p; non -evaporative solid 
substance = 45%) . 

This emulsion was spread out on a polyester film in order to 
test its antimicrobial property, effectiveness retention property, 
and the like, and dried at 80 °C for 3 min. As a result, a uniform 
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film was produced. When various tests were conducted on the obtained 
film using the same method as described in the Operational example 1, 
the same excellent evaluation results as obtained in the Operational 
example 1 were recognized. This antimicrobial synthetic resin 
emulsion can be used for various coating compositions, such as ship 
and building paints. Furthermore, a film may be formed from this 
emulsion and applied to a wall paper, bed cover, etc. or molded to 
fibers which can be utilized in a wide variety of various 
applications (e.g., antimicrobial cloths). 
Operational example 4 : 

100 parts of monomer mixture comprising 30% of methacrylic acid 
methyl, 60% of acrylic acid ethyl, and 10% of glycidyl methacrylate 
was dispersed in 130 parts of aqueous solution containing 5% of 
emulsifier (Noigen EA 160, Daiichi Kogyo Seiyaku) . Then, this 
mixture was stirred at 40 °C in a nitrogen atmosphere to initiate 
polymerization using hydrogen peroxide-ascorbic acid soda as 
initiator. After the completion of polymerization, a small amount of 
coagulated substance included in the emulsion was filtered. As a 
result, an emulsion having almost uniform particle diameters was 
obtained . 

This emulsion had 46% of non- evaporative solid substance, and 
its average particle ratio was 0.15 p. This emulsion was used to 
produce a porous coagulated product using the same method as 
described in the Operational example 1. 



12 



This porous coagulated product was soaked in a 5% sodium 
hydrogen sulfite aqueous solution, reacted at 60 °C for 5 hours, then 
reacted at 80 °C for 2 hours. As a result, sulfonic groups were 
introduced to the glycidyl groups. The amount of introduced sulfonic 
groups was 0.2 milli -equivalent parts/g. This film was sufficiently 
washed with water, soaked in a 5% AgN0 3 aqueous solution for 3 0 
minutes, sufficiently washed with water, and dried. As a result, an 
antimicrobial film having its Ag + ions fixed to the sulfonic groups 
was obtained. 
Comparison example: 

A monomer mixture comprising 50% of styrene, 49% of acrylic acid 
ethyl, and 1% of divinyl benzene was emulsion-polymerized using the 
same method as described in the operational example 1 to prepare an 
emulsion (average particle diameter = 0.22 non- evaporative solid 
substance = 44%.) 

After adding 4 parts of 10% AgN0 3 aqueous solution to 100 parts 
of this emulsion, the mixture was spread out on a polyester film and 
dried at 145 °C for 3 minutes. As a result, a uniform film was 
produced. 

According to the result of antimicrobial effect retention test 
described above, the obtained film, which was prepared by simply 
blending an antimicrobial agent, relatively easily lost its 
antimicrobial effect when washed with water. 
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